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I. INTRODUCTION 1
After a decade of strong growth, buoyed by a supercycle of global commodity prices and surging investments in natural resources, economic growth in sub-Saharan Africa (SSA) has recently faltered. The sustained decline in global commodity prices and a prolonged slowdown of growth among the region's main trading partners (China in particular) have weighed on Africa's convergence -at least superficially -toward higher income levels.
Moreover, the recent slowdown in economic performance served as a reminder that the region continues to lack competitive industrial base that would have shielded economies from excessive commodity price volatility. Despite rapid urbanization driven by fast population growth, Africa has in fact de-industrialized since mid-1970s (Jedwab, Christiaensen, and Gindelsky, 2017 ). Africa's high growth contributed little to the formal manufacturing industries, leaving the manufacturing sector dominated by many small and informal firms. Manufacturing share of employment stands well below at 8 percent, and manufacturing output, measured by a percentage of GDP, has declined from 15 percent in the mid-1970s to around 10 percent today. Based on data from the Groningen Growth and Development Center, Rodrik (2016) found that African countries are under-industrialized at all income levels, while industrialization in Asia has progressed approximately in the same proportion as income levels.
Another reason why Africa did not grow in conformity with neoclassical growth convergence model is informality, which remains widespread (38 percent of GDP during . Average productivity of the informal sector in SSA is only about 20 percent of the formal sector (IMF, 2017b) . Few informal firms grow out of informality, dragging on the region's overall productivity ( Figure 1 ) (de Vries, Timmer, and de Vries, 2015) .
At the same time, SSA's population is expected to more than double over the next decades, growing from 1.2 billion today to nearly 2.5 billion in 2050. With ample young population entering the labor force, firms will have the opportunity to realize significant productivity dividend if they manage to reallocate factor inputs more efficiently (IMF, 2017b; Hsieh and Klenow, 2009; Restuccia and Rogerson, 2017) .
Two primary sources of production factor misallocation are important to the present study. First, Duranton et al (2015) using manufacturing plant-level data in India found that less productive firms have better access to land, and the misallocation in land has a secondary effect on the allocation of capital through the credit system. As firms use land as collateral in the borrowing process, productivity distortions due to land misallocation are amplified by capital misallocation.
Second, while in theory, stronger labor and business regulations should induce firms to formally register and comply with the requirements of social insurance schemes, recent studies have shown that little formalization is actually achieved by regulating small and informal firms in developing economies (Benhassine, 2018; Andrade, 2014) . As informal firms rationally exit the formal sector when the benefits of formal registration outweigh the costs (e.g., tax payments) (Maloney, 2004) , the impact of new regulation is often highly context specific (see Bhorat, Kanbur, and Stanwix (2017) on minimum wage).
Consequently, if high informality in SSA economies is the equilibrium outcome of firms weighing costs vs. benefits, product markets in the formal economy should improve to increase market efficiency and expand formal firms. In reality, however, product markets in SSA are still at infancy stage as markets in most SSA economies tend to be dominated by state-owned and foreign-owned enterprises (Bai, Hsieh and Song, 2016; McKinsey 2017) . Furthermore, weak state capacity (a la Besley and Persson, 2011) and wage rigidities constrain factor market efficiency.
How efficient are factor markets in SSA compared to developing Asia? How can policy makers promote firm growth and reduce informality in SSA? This paper presents a dual economy model with input-financing frictions that predicts how factor market regulatory reforms will affect firm growth when the minimum wage is set below the market clearing wage. Using data on firm balance sheets from the World Bank's Enterprise Surveys (WBES), the paper estimates the allocative efficiency of land and labor markets in 40 SSA countries and investigates the determinants of factor market allocations. The causal effects of factor allocative efficiency on firm size and productivity are estimated using a pooled country sample, which is verified in a single country case (Nigeria) using firm panel data. In identifying this relationship, the endogeneity of factor allocations is addressed by using unique institutional variations in SSA -ethnic diversity and the intensity of regulatory actions to peer firms at subnational level -in the instrumental variable (IV) regression.
The empirical results show that limited market allocation of land and inappropriate regulatory policies, including a low minimum wage, contribute significantly to the inefficiency in land and labor allocation in SSA. OLS and IV-Tobit regressions show that the reallocation of land and workers across firms would allow firms to survive longer and achieve higher productivity growth and operational scale on average. The IV results highlight significant heterogeneity in policy effects, showing bigger local average treatment effect (LATE) for marginal firms that are induced to reallocate factors in response to the policy changes. To improve factor allocation, the results underscore that regulatory design needs to account for local legal capacity. Against a theoretical prediction, strengthening monitoring of informal activities, through frequent inspections, does not necessarily support firm growth in SSA. Improving regulations to formalize the land allocation process and labor contracts with social insurance benefits are effective in supporting firm growth when legal capacity is weak. As legal capacity develops, stronger informal sector monitoring would prompt the reallocation of workers to productive formal activities.
The paper is organized as follows. Section II describes the characteristics of private firms in Africa compared to developing Asia as well as land and labor markets in SSA. Section III provides a dual-economy model, including its predictions on factor market reforms; and section IV explains the data. Section V estimates factor market efficiency and its impact on firm growth at aggregate and disaggregated levels. Section VI concludes.
II. STYLIZED FACTS

A. Firm Size, Age, and Productivity
Past studies have found that private enterprises in developing countries typically remain small during their life cycle (Hsieh and Klenow, 2014) . Balance sheet data from the WBES in SSA used in this paper confirm this finding. Middle-and large-sized firms as measured by the size of employments are conspicuously absent in Africa, compared to developing Asia, making the firm size distribution highly skewed. On average, African firms are only a third of the size of Asian firms, and most firms are young and unproductive (see Appendix table A) . Kolmogorov-Smirnov test supports that the distributions of firm age, size, and productivity in SSA and Asia as statistically distinct (Figure 2) . Specifically, the firm size characteristics of enterprises in Africa suggest that firms face systematic market imperfections that decrease their ability and incentive to grow. In addition to the country's income level in which firms operate, structural and institutional factors such as market size, human capital, limited access to valuable land, and segmented labor market also explain why many SSA firms remain small.
B. Land and Labor Markets in Sub-Saharan Africa
Past literature also found that land and labor tend to be misallocated among firms in developing countries. Lack of access to land can prevent firms from scaling up business operations and from using land as collateral to obtain loans. As land size increases, firm size also significantly increases in both SSA and developing Asia (Figure 3) . While large parts of SSA is land-abundant, land with access to utilities and transport links to markets is scarce. Land title systems are weak and land rental markets are severely underdeveloped. More secure property rights and removal of restrictions on land markets are critical as population grows with more intense use of land (Holden and Otsuka, 2014; World Bank, 2012) . In many parts of SSA, land is customary and land-use rights are allocated locally by village chiefs. Land ownership is often inherited, and land transfers are severely restricted (see Restuccia and Santaeulalia-Llopis (2017) ). Given weak institutions and pervasive corruption, political connections also affect access to land (Faccio, 2006) . Such weak regulatory and institutional situations in Africa raise a concern that land is not allocated to the most productive firms.
Labor markets, by contrast, are dominated by subsistence agriculture and informal employments in urban areas. Wage earners only make up a small portion of the region's labor force (Bhorat et al, 2017) , further contributing to small size and stagnant productivity growth. As urbanization proceeds in SSA, labor and product market regulations need to be designed to allocate more productive workers to formal sector where transactions and employment relations are recorded.
However, large informality in SSA complicates the effective regulation design as many small firms do not comply with law (Besley and Persson, 2013) . Besides, many governments in SSA have weak capacity to execute labor and business regulations and often seek informal payments from small firms for granting business licenses, land, or utility access. As a result, business owners may remain informal to avoid costly regulatory requirements, delaying the structural change of the economy. From worker's perspective, formal employments are attractive only if labor regulation is enforced that mandates firms to pay social benefits like pension, insurance, or severance payments under a contract (Almeida and Carneiro, 2012) .
C. Minimum Wage and Firm Productivity
In addition to the provision of social insurance, labor codes often stipulate a wage floor for formal sector jobs. As the minimum wage prevents downward wage adjustments below the statutory floor, workers with marginal productivity below the minimum wage are induced to participate in the formal sector. ILO's data on statutory minimum wages show that the level of minimum wages in SSA is generally lower than in developing Asia with high noncompliance with the minimum wage law (Bhorat, Kanbur, and Stanwix, 2017) .
How does minimum wage affect firm size and productivity? A demand-supply theory would suggest that firms will cut labor if the minimum wage is set above the market clearing wage. Conversely, if minimum wage is below the equilibrium level, raising the minimum wage could increase formal employments in equilibrium. Previous literature found small or statistically insignificant disemployment effect of higher minimum wage. Rather, in some cases, the enforcement of minimum wages benefits workers by providing higher wages and mandated social benefits under formal labor contract (Dinkelman and Ranchhod, 2012) . 2 If social insurance benefits for workers outweigh the cost of employments for employers, the size of formal sector employment will expand. Interestingly, Figure 4 shows positive relationship between minimum wages (defined in level or as a ratio of GDP per capita) and firm productivity in SSA, while the correlation is not clear in Asia.
III. THEORETICAL FRAMEWORK
Based on these stylized facts, a static dual-economy model is used to describe how land market development, and labor and tax regulations affect the equilibrium level of formal firm size. As the minimum wage is normally set below market clearing wage in many SSA countries, our focus is when minimum wage is set below market clearing wage ( < * ).
A. Model
Consider a labor market model similar to Almeida and Carneiro (2012) and Fortin, Marceau, and Savard (1997) with formal ( ) and informal ( ) employees. Firms can hire workers under formal or informal contracts simultaneously. 3 The model is extended by incorporating firms' labor demand decisions under input-financing frictions with a collateral constraint: land can be used as a collateral to access bank or non-bank financings. The value of land sets borrowing limit for the firm to use inputs at the optimal level.
Firm labor demand
Assume that firms use a Cobb-Douglas production technology with land size , formal labor , and informal labor as inputs of production. Total workforce is which is allocated to one of the sectors, i.e., + = . Let and denote wages in formal and informal sectors, respectively. Firms will finance inputs by borrowing from local financial institutions with interest rate . Most firms in SSA are small and financial institutions have little information on their credit capacity. To capture the information asymmetry between firms and lenders, the model incorporates a collateral constraint, such that firms can borrow only up to their land value. Firms decide optimal labor demand in each sector based on Eq. (1):
where is corporate borrowing, is land price, and is firm's managerial skill. Firm hiring formal workers face payroll tax for mandated benefit payments to workers, such as social security, severance pay, and health and disability insurance. The burden of payroll taxes is largely borne by employers to finance social insurance programs in many developing countries. 4 Firms hiring workers with informal contracts do not comply with regulatory obligations, thus facing penalties for non-compliance per informal workers with detection rate ( ).
5 The detection rate increases as the effort of regulatory inspection δ increases:
Optimal labor demand in two sectors can be derived as follows:
Labor supply decisions
Next, the allocation of labor depends on the wage-differential between two sectors. Formal sector workers receive the wage , and social insurance benefits under the formal contract but with discounted value where 0 < < 1. A smaller means that workers perceive a lower benefit from formal labor contract as contracts are not well enforced under corruptive environment. Workers will choose between formal or informal jobs according to the following rule:
where ( ) is the probability to find formal employment which depends on the labor market condition ( , , ). Labor market condition depends on business environment, being affected by payroll tax , a penalty on informal employment , and regulatory inspection efforts as they influence the size and productivity of registered enterprises. A lower means a higher unemployment rate (1 − ) in the formal sector, reducing the expected earning in the formal sector. 6 No unemployment exists in informal sector assuming that the reservation wage in the informal sector is perfectly flexible. However, informal workers will lose their wage with probability p when firms are detected and penalized for the informal operation.
Assume that worker's perception is a random variable with distribution function ( ). From Eq. (3), total labor supply in the formal and informal sectors are expressed as follows:
Combined with Eq. (2), formal labor market equilibrium condition is defined as follows:
The left-hand side of Eq. (5) defines formal labor demand curve which is decreasing in . The right-hand side defines formal labor supply curve which is increasing in .
B. Policy Effects in Theory
This simple framework is used to analyze the effects of an improvement in the access to land, an increase in the payroll tax, stronger inspection in informal activity, and a higher minimum wage. In doing so, the framework accounts for labor market friction with a floor on the minimum wage.
H1: Effect of improved access to land
Land policies that improve the access to and the value of land relax collateral constraints, allowing firms to borrow more to expand production. Therefore, holding highly valued land increases labor demand in both formal and informal labor markets, while labor supply remains fixed. The labor demand curve shifts up and the equilibrium formal employment increases as ∂ ∂ > 0.
H2: Payroll tax incidence (enforcement in formal labor regulation)
Higher payroll taxes to strengthen mandated benefits in the formal sector increases the cost of doing formal business and firms may substitute formal labor with informal labor: When < * , the equilibrium outcome depends on the elasticities of labor demand and supply to increased mandated benefits. As illustrated in the appendix figure A-2, if labor demand elasticity to is high, stronger regulation may decrease the size of formal sector employment in the equilibrium. On the other hand, if labor demand elasticity is low and labor supply elasticity is high, formal sector employment will increase.
H3: Effect of stricter informal sector monitoring
Enforcing higher penalties in the informal sector through stricter inspections reduces demand for informal labor ( Equilibrium formal sector employment increases in both cases. When < * , stricter inspection leads to an expansion of formal sector employment with higher equilibrium wages at all segments of the labor market.
H4: Effect of higher minimum wage
The effect of raising the statutory minimum wage on the formal sector employment depends on the level of the initial minimum wage relative to the market wage.
When the minimum wage is initially set below the market wage ( < * ), there is an excess demand for labor. As the minimum wage increases closer to the market clearing wage, labor supply increases ( ∂ ∂ > 0) and the formal sector expands. However, if the minimum wage is raised too far above the market clearing level (appendix A-4, right bottom chart), the minimum wage will be so expensive for firms that they may retrench formal labor demand ( ∂ * ∂ < 0). As a result, formal sector employment will contract compared to the initial equilibrium level in both segment of labor markets.
Summarizing theoretical predictions:
The following table summarizes the theoretical predictions and the signs of each policy effect are tested in the following empirical section:
H1. Improved access to land ( ↑) + H2. Increase in formal labor regulations ( ↑) ? H3. Stricter informal sector monitoring ( , ↑) + H4. Higher minimum wage ( ↑) ?
IV. DATA
As discussed in earlier sections, policies and regulations that improves the efficiency of land and labor allocations are essential to reduce informality and improve competitiveness.
This paper uses World Bank's firm-level data (the WBES) collected in low-and middleincome countries in SSA and developing Asia. The WBES sample frame consists of formal manufacturing and service firms with at least five employees. 7 This paper uses 23,000 firms in 40 SSA and about 29,000 firms in 14 developing Asian countries (see Appendix B for the list of country sample). Because informal manufacturing firms are not covered in this sample, factor allocation measures developed in the next section might be overestimated and give an upper bound of overall factor allocative efficiency.
The WBES is conducted using stratified sampling procedures based on the industry group (using the 2-digit ISIC classification), the level of average sales, firm size and geographical location. The aggregate-level analysis in section V.A uses cross-sectional firm balance sheet data for countries surveyed since 2006 until today. Later in section V.B, the WBES's panel data for Nigeria is used to examine the role of factor markets in determining firm productivity at the micro level.
Summary statistics are provided in appendix table A. Spatial distributions of firm size and firm productivity are also provided in Appendix C. For the pooled firm sample of 40 SSA countries, the average firm size is 58 employees, only a third of the average size in Asia. The upper map in Appendix C shows that the average firm size is less than 31 in many SSA countries. The value added per employee and land value shows larger variance and spatial variations in SSA, showing wide disparity in firm productivity and land values in Africa. The land ownership and access to credit are about 20 percent and 12 percent smaller in SSA than Asia, respectively. More foreign owned firms exist in SSA sample. 81 percent of SSA firms is manufacturing firms, and the rest is in the service sector.
V. EMPIRICAL ANALYSIS
A. Aggregate Level Analysis
V.A.1 Degree of factor misallocations
The first step to understand sluggish firm growth in SSA is to study how (in)efficiently factors of production are allocated to productive firms. This section estimates the efficiency of land and labor allocations based on the correlation between firm productivity and actual factor allocation data following Olley and Pakes (1996) . Models of heterogeneous firms predict that productive firms should produce more output by using larger factor inputs. This paper investigates whether or not land and labor allocations are targeted toward more productive firms each district in a country.
Following the approach of Hsieh and Klenow (2009), real output TFP (TFPQ) is used as firm's productivity measure. 8 The allocative efficiency index is the correlation between the TFPQ and factor usage ( ) for firm in sector in a district . The correlation is weighted by firm i's share of production in each sector-district group to define the firm-level measure of misallocation :
The weight is firm i's past market share in sales (to compute land allocation index) or labor input (for labor allocation index), i.e., the lagged values by 3 year before each survey year t. Both allocation measures are standardized around the mean. As gets larger in positive values, factors are allocated more efficiency to productive firms with greater factor usage. Smaller positive or negative values of mean factor misallocation that results in less output compared with the output under an efficient allocation.
Appendix D-(a) shows the spatial distribution of land allocation index (upper figure) and labor allocation index (lower figure). Land allocation is negative in most SSA countries, but worse in southern Africa. Labor allocation has more variations across SSA regions, showing that some countries have relatively more efficient labor market.
V.A.2 Determinants of factor allocative efficiency
What policies or institutions determine the variation in factor allocative efficiency? Since the seminal contribution by Easterly and Levine (1997) , ethnic diversity is found to shape bad policies, conflicts, and inefficient resource allocation in SSA. In SSA, local socio-economic hierarchies define who gets access to land. Ethnic diversity often creates land-related disputes, making land allocation inefficient. This paper uses the ethnic fractionalization index developed at sub-national level by Alesina and Zhuravskaya (2011) . For each district j of country c, the fractionalization index captures the probability that two randomly drawn individuals belong to different groups:
) where stands for the fraction of group m in region j of country c.
Figure 5 examines how ethnic diversity (x-axis) and land allocative efficiency (y-axis) are correlated in SSA compared to developing Asia. The figure uses the sampling weight to compute the average level of land allocative efficiency and land ownership variables at the country level. The figure shows that land allocation tends to be less efficient in countries with higher ethnic diversity.
Next, Figure 6 shows the relationship between labor allocative efficiency and the country's regulatory quality. The x-axis is about the regulatory environment of firms in each country. The variable is constructed based on firm's responses on business environment in the WBES -defined by the intensity of regulatory action to enforce labor codes ( ) and the frequency of tax inspections to regulate informal activities ( ) -in each sector-district where firms operate. The regulatory environment is district-specific, thus the average level of regulatory action in each district j is computed by taking its expectation for individual firms within the same sector: = ( − ). The tax administration efforts vary by sector, thus the average tax inspection effort is computed similarly but for each sector s: = ( − ). In both expressions, − indexes peer firms (all except own firm) that operate in the same sector (to compute district average for ) or in the same district (to compute sector average for ). The analysis accounts for heterogeneity due to legal capacity in designing proper regulatory Note: x-axis is the average level of ethnic diversity for each country using the sampling weight. Source: WBES and tax inspection framework. Firms are grouped into those operating in districts with weak or strong state capacity based on how they perceive prevailing corruption.
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The upper panel indicates that stricter enforcement of labor regulation improves labor allocation only in the weak state capacity group (countries with higher corruption level than average SSA level), while intensive regulatory actions create a burden for private business in the strong state capacity group.
Weak state capacity is defined as a situation where contract enforcement is weak and informal activity is widespread, thereby reducing the benefit from formal market regulation. This situation is captured by lower value of social insurance benefits perceived by workers ( → 0) in the model developed in Section III. In such environments, more intensive regulatory action is needed to enforce labor code, which in turn promotes more efficient 9 The WBES survey asks firms whether corruption is severe obstacles for their business. This paper computes the proportion of firms facing corruption for each district and compare each district's corruption level with the regional average to categorize each district into either weak or strong state capacity group.
Figure 6. Determinants of labor allocative efficiency
Note: Strong state capacity group is defined as countries where the proportion of firms which found corruption as major obstacles for their business is greater than the regional average, while weak state capacity group is those with below average corruption level. Source: WBES labor allocation. If an adequate regulatory environment is already in place, additional regulation is too burdensome for firms to do business as predicated by the model.
The lower panel compares the relationship between the inspection level (tax and social security collection efforts by the authority) and labor allocative efficiency for both strong and weak state capacity groups. It gives the opposite picture that stricter inspection efforts decrease labor allocative efficiency for the weak sate capacity group, presumably because inspection agencies under weak institutional environment tend to demand informal payments (bribe), which puts a particular burden on small-sized firms. The correlation is slightly positive for strong state capacity group where inspection efforts improve compliance and reduce informality, making labor market more efficient.
The above descriptive patterns imply that ethnic fragmentation and weak regulatory capacity, as typically observed in SSA, are important drivers of factor misallocation in SSA. This descriptive pattern is confirmed by the OLS regression that estimates the determinants of factor allocative efficiency in Table 1 :
for land allocation index for labor allocation index
where indexes firms, s indexes sector, indexes district, c indexes country, and indexes SSA regions (western, central, eastern, and southern Africa dummies). stands for either land or labor allocation index. controls for firm-level variables such as machines and equipment investments, manager's work experience, and firm ownership dummies (state owned enterprise, foreign enterprise). Country-level variables such as real GDP per capita growth, private credit-to-GDP ratio, judicial efficiency (the quality of legal system including the judicial administration, processing time, and court regulations to enforce contracts), and trade openness are also included. 10 and are sector and region fixed effects.
In column 1, the negative coefficient of ethnic diversity index confirms lower land allocative efficiency (both owned and rented land) in cities where ethnic diversity is higher. In column 2, a labor allocation index is regressed on two institutional variables (stronger formal regulations and inspection efforts) along with other controls, separately for weak and strong state capacity groups. As found in Figure 6 , stronger regulatory action improves labor allocation in weak state capacity group, while it worsens the labor allocation in strong state capacity group. Also, stronger inspection efforts worsen (or statistically has no impacts on) labor allocative efficiency in weak state capacity group while it improves the allocative efficiency in strong state capacity group.
Coefficients of other covariates indicate that land tends to be more efficiently allocated for firms with larger capital, more experienced manager, and foreign or state-owned enterprises. For country-level variables, financial deepening and judicial efficiency support efficient factor allocations while fast growth does not necessarily improve factor allocation. Trade openness is also associated with better labor allocation. Table 1 is used as the first stage regression for the IV-Tobit regression to identify the effect of factor allocative efficiency on firm performance in sub-section V.A.3. 
Labor allocation index (1) Land allocation index
V.A.3. The effect of land market and regulations on firm size
Next, Table 2 shows reduced-form estimates which regress firm size on land value, labor regulation and inspection actions to test our theoretical predictions. Besides the average effect, columns 3 and 6 account for the heterogeneous effects of land value and regulations by the minimum wage level by restricting the sample to places where the minimum wage is set below the market clearing wage.
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Columns 1-3 estimates the effect of higher land value on firm size. We use the value of industrial land that firms hold as an owner. As the model predicts, the ownership of higher value of land significantly increases firm size to reap scale benefits by relaxing collateral constraints. The effect is positive regardless of the minimum wage level.
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11 The market clearing wage is defined as the average monthly earnings of employees from the ILOSTAT. For missing countries where ILOSTAT does not provide data, the mean wage data from Estimates in columns 4 and 5 show that formal regulations increase firm size while stronger inspections have insignificant impact on average. Column 6 tests the effect of stronger regulation on firm size when the sample only covers where the minimum wage is set below market clearing wage. As appendix A shows, the effect is ambiguous in theory that depends on the labor demand and supply elasticity to regulation changes. The result shows that stronger regulation has positive effect on firm size, suggesting that the labor demand shrinks less to stronger regulations while formal workers increase more elastically.
Columns 2-3 and 5-6 show that an increase in the minimum wage (relative to per capita income) reduces firm size on average, but with very small magnitude, confirming limited disemployment effect of the minimum wage as found in the literature. However, higher minimum wage significantly increases firm size when the sample is restricted only to firms in places where the minimum wage is set below market clearing wage. This implies that the initial level of the minimum wage is significantly lower than market clearing wage, thus raising the minimum wage simply attracts more labor.
Other covariates show that firms with larger capital and experienced manager tend to be larger and survive longer. Foreign owned firms or state-owned enterprises are also larger than local private firms. Higher income growth and financial deepening also support firm growth, while judicial efficiency has no direct impact on firm size on average. Larger trade openness appears to adversely affect small firms for surviving market competition in SSA.
V.A.4. The effect of factor allocative efficiency on firm size and survival
What are the consequences of land and labor misallocations? Figure 2 and appendix table A show that SSA firms are significantly smaller (in employments) and less productive and their lifecycle is also significantly shorter than Asian firms. This sub-section uses the factor allocation index established in subsection V.A.1 and analyzes its impact on firm size and age in SSA. The analysis also controls for other factors which may explain why firms remain small and short-lived in SSA, and what type of firms survive under a certain environment.
To study factors which affect firm size and age, we run the following Tobit regression:
Same sets of explanatory variables as used in Eq. (7) are included. In Table 3 , we first show OLS Tobit regression result that estimates the effect of factor allocative efficiency on the firm size (in columns 1-4) and firm age (in columns 5-8). Columns 1 and 5 show the effect of the allocative efficiency of owned land, while columns 2 and 6 show the result for the allocative efficiency of both owned and rented land. The result shows that higher land allocative efficiency significantly increases firm size and survival (both at 1 percent significance level).
Higher labor allocative efficiency also significantly increases firm size for both strong and weak state capacity groups (columns 3-4 and 7-8). The negative and significant square term of labor allocation index indicates that the effect of labor allocative efficiency on firm size and age is concave, i.e., the positive effect is particularly large when initial labor allocation is very inefficient. As labor market develops to achieve efficient labor allocation, the marginal effect gets smaller.
Other covariates show similar results as found in the reduced-form regression in Table 2 .
V.A.5. Instrumental variable results: heterogeneity in effects of factor allocative efficiency on firm performance
The identification of allocation efficiency index faces endogeneity problem for potential reverse causality, i.e., firm performance could affect allocative efficiency. Firms whose land and labor allocations are affected by ethnic diversity and regulations are marginally productive firms in the local market (Imbens, 2010) . The decision to reallocate factors of production varies with firm productivity, thus we estimate local average treatment effect (LATE) of the factor allocative efficiency on firm performance using an IV-Tobit regression.
As defined in Eq. (7), different IVs are used in the first stage regression. The sub-national level ethnic diversity index is an only IV for the land allocation index that influences firms' access Table 3 . Firm performance and factor allocative efficiency (OLS Tobit) *Significant at 10%; ** 5%; *** 1%. Standard errors clustered at sampling strata level are presented in the square brackets. Region dummies control for unobservable differences between eastern, central, western, and southern African countries. to land. The ethnic diversity index is computed based on census data near 2000, thus it offers pre-determined ethnic diversity for each district before the WBES was conducted.
The model is over-identified by using two IVs for labor allocation index: the average level of regulatory action taken by sub-national governments toward peer firms in the same district ( ) and the average inspection efforts taken for peer firms to regulate tax evasion in the same sector ( ). The first variable captures the average level of formal regulatory measures to formalize labor contracts while the second variable is the intensity of informal sector monitoring -penalty or cost of non-compliance imposed on firms (informal tax) (Olken and Singhal, 2011) . As the hypotheses H2 and H3 predict in Section III, labor demand and supply curves will shift by the change in regulatory environments, but the impact of regulations on labor allocation will differ by each district's corruption level.
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The identifying assumption is that the average regulatory situations for peer group will affect own firm performance only through the factor allocation. The rationale for the exclusion restriction is that when looking at the same district across sectors (for ) or the same sector across districts (for ), government actions to peer firms will affect the factor allocation in the same labor market, but is external to own firm's production decision, i.e., regulatory actions to peers have limited impact on own firm's production.
14 Table 4 shows IV Tobit estimates which are LATE of land and labor allocation index for marginally productive firms. In the lower panel of Table 4 , the first stage F-statistics is sufficiently high for all specifications (p-value=0.00), showing that the ethnic diversity and regulations are valid instruments for land and labor allocation index.
Columns 1-2 and 5-6 show that land allocation matters for marginal firms to grow and survive longer (significant at 1 percent). In columns 2-3 and 5-6, the positive square term and negative linear term of labor allocation index suggest that the effect of labor allocative efficiency is convex: the effect exponentially increases as labor market develops and the labor allocation gets more efficient. The convex LATE of labor allocative efficiency differs from the concave effect found by the OLS-Tobit regression in Table 3 for the average firm. This suggests large heterogeneity in the effect of labor allocative efficiency. The effect of labor allocation index is statistically significant for firms operating business in countries with both weak and strong state capacity. Overall, both OLS and IV-Tobit estimates found that efficient labor allocation would significantly increase firm size and age.
V.A.6. The effect of factor allocations on credit access and tax contributions
This subsection further investigates whether better factor allocation helps firm grow through credit access and tax contributions. Better land allocation, which acts as a collateral, as well as more efficient labor allocation, may help firms obtain credit and grow faster. With stronger labor and tax regulations, labor contract would be more formalized and firm's tax contributions to the government may increase.
We run OLS regressions to estimate the effects of land and labor allocative efficiency on firm's access to credit (loans from banks or other intermediations) and on tax contributions (percent of sales reported for tax payments). The coefficient of each allocative efficiency index on two outcomes are reported in Figure 7 below.
The result suggests that firms perform better as factor allocation becomes more efficient. Better land and labor allocations increase the probability of obtaining credit by about 1 and 6 percent respectively, on average. The estimate also shows significant productivity gains by improving factor allocative efficiency, which would propel formalization of industries through higher tax contributions. In weak institutional regions, an improvement in labor allocation efficiency through stronger regulation increases tax contributions by about 11 percent, significantly higher than the same effect in strong institution regions. If land is 
Ln(firm size) Ln(firm age) allocated more to productive firms, they can expand their business for longer periods with more chance in obtaining a credit line from banks, increasing their tax contributions.
B. Case Study: Panel Data Analysis for Nigeria
V.B.1. Set-up
This section examines whether the aggregate-level findings in the previous section can be confirmed at a single country case using firm panel data from Nigeria. The WBES Nigeria panel data allows us to estimate total factor productivity (TFP) using Levinsohn and Petrin (2003) (LP)'s productivity estimation method. 15 We focus on firm-level variations within Nigeria and remove time-invariant firm-level heterogeneity using panel data to better identify policy effects.
Nigeria is the most populous country in SSA, composed of more than 250 ethnic groups (including Hausa-Hulani 29 percent, Yoruba 21 percent, and Ibo 18 percent) and endowed with the 10 th largest oil reserves in the world (the World Factbook). However, the GDP per capita (in PPP constant 2011 international dollar) is ranked 133 in 191 countries (IMF World Economic Outlook, April 2018) with the poverty rate continued to increase in recent years. Poverty is most prevalent in the northern part of the country, with Jigawa state's headcount poverty rate the highest at 78 percent (World Bank; Nwude, 2013) , while the southern part near the Niger delta is wealthier endowed with oil. The quality of governance has been low: in the Transparency International's Corruption Perception Index, it scores as one of the most corrupt countries in the world (ranked 148 in 180 countries). Furthermore, underdeveloped 15 LP's method accounts for capital, labor, and factor input cost to estimate TFP. It also deals with the correlation between unobservable productivity shocks and production input levels. Figure 7 . Effect of land and labor allocative efficiency on firm performance *Significant at 10%; ** 5%; *** 1%. Note: The bar captures the coefficient of each allocation index on the probabilities of obtaining credit (from the linear probability OLS regression) and paying taxes (from the OLS-Tobit model). Source: Author's estimate areas in the north are plagued by conflicts (e.g., Islamist extremist insurgency by Boko Haram), again leading to weak state capacity.
Land tenure system and land rental market are underdeveloped in Nigeria. The land allocation index for Nigerian states computed using Eq. (6) is mapped in Appendix D-(b) (upper figure) . In the map, many states in the north-west and the south-east regions are scored negative or low positive values, suggesting inefficiency in its land allocation.
Similarly, the map in Appendix D-(b) (lower figure) shows that the labor allocation index is negative or close to zero in the north-western Nigerian states. Figure 8 shows further that the labor allocative efficiency is negatively correlated with regulatory and inspection efforts by the local government, reflecting ineffective regulations at the state level (World Bank, 2014) . Despite slight improvements in business conditions, the World Bank's Doing Business scores are lower than the SSA average level in most Nigerian states. The start-up cost of a business is high due to multiple layers of regulatory requirements. Nigeria's fiscal regime also entails the extensive use of tax incentives and exemptions, eroding the fairness of tax treatments, and widespread tax evasion. Nigeria was the first SSA country to explore contributory social insurance system, but social security coverage has been limited with high tax noncompliance and the accumulation of tax arrears (e.g., unremitted withholding of pay-as-youearn (PAYE)) due to weak regulatory capacity (IMF, 2005 (IMF, , 2018 . As a result, current regulatory system is little trusted by the private sector, making firms to operate informally and distorting the labor allocation.
In such context, the following panel regression tests hypotheses H1-H4 and estimates the effect of the land and labor allocative efficiency on firm size in Nigeria: where is the factor market variable for firm in sector and state j at time ( =2007/09 or 2014).
controls for firm characteristics and state characteristics such as the distance to capital city (Abuja), urbanization rate, and the mean suitability of land for agriculture from Gershman and Rivera (2018) . , , and are firm, sector and year fixed effects.
V.B.2. Effect of minimum wage reform in 2011
In Nigeria, one of the major reforms executed in recent years is the revision of the old National Minimum Wage Act enacted in 2000. Nigeria provides an interesting case to evaluate the effect of higher minimum wage on firm performance. While living cost had risen due to high inflation around 11 percent since 2005, workers were under-remunerated and the minimum wage paid at the bottom of wage distribution was not sufficient to meet basic needs, resulting in declining labor productivity (Nwude, 2013 ). Nigeria's minimum wage is one of the lowest in SSA compared with its income level (Figure 4) , and about 16 percent of firms was not compliant with the minimum wage ( Figure 9 , left chart).
Against this backdrop, the government more than tripled the statutory nominal minimum wage from 5,500 Naira to 18,000 Naira per month in 2011 (ILO's minimum wage database). How did the minimum wage reform affect firm performance? Based on the model hypothesis H4, higher minimum wage increase or decrease the formal sector employment depending on the labor demand and supply elasticity and the magnitude of the minimum wage hike.
To measure the intensity of the minimum wage reform, the wage gap index ( ) is constructed as a ratio of pre-reform national minimum wage level ( ) to the median wage level of each sector s and state : The right chart of Figure 9 shows that the wage gap is positive or near zero in some states, meaning that many firms operating in these states are not compliant with the national minimum wage in 2008. It also shows negative correlation between the average firm size and the wage gap, suggesting that firm could attract more workers to achieve higher productivity by paying higher wage above the minimum wage. The following difference-in-difference model, as in Dinkelman and Ranchhod (2012) , estimates the effect of the minimum wage reform on firm size and the LP's TFP measure using the pre-2008 wage gap index as treatment variable:
where is the post-reform dummy after 2011.
V.B.3. Empirical results from panel regressions
This section summarizes the empirical results of panel regressions (section V.B.1) and difference-in-difference regressions (section V.B.2).
At the bottom of (8) which controls for firm specific unobserved heterogeneity.
In Table 5 , both RE and FE estimates confirm that landholding with higher land value and efficient factor allocations significantly increase firm size in Nigeria. The coefficients get smaller in magnitude under the FE model, but the effects remain significant. Stronger inspection efforts significantly constrain firm growth as found in Figure 8 , while the effect of formal regulation has no effect under the FE model. Wider pre-reform wage gap also constrains firm growth under the RE model as found in Figure 9 although the effect become zero when the FE model is applied. Estimates for the state-level variables show that firm size gets larger as firms locate in urbanized area with land that is less suitable for agriculture.
Columns 1-6 of Table 6 show the difference-in-difference estimates. Firms that paid relatively lower wages compared to the national minimum wage (i.e., larger wage gaps) are significantly smaller in size and have lower TFP than those that paid higher wages. The negative coefficient of post-reform dummy in columns 4-6 indicates that TFP dropped after the reform, reflecting the reduction in profits for higher labor costs caused by higher minimum wage. The interaction term between post-2008 dummy and the wage gap variable shows the treatment effect of the 2011 minimum wage reform. The interaction term is positive and significant only for firm size in columns 1-3. This implies that the positive effect of the minimum wage reform on labor supply dominates reduced labor demand. The results remain robust when the sample is restricted only to compliant firms with the minimum wage law as shown in the last specifications of columns 3 and 6.
Columns 7-12 show the triple difference estimates that account for the heterogeneity by regulation (in columns 7 and 10), corruption (in columns 8 and 11), and location (in columns 9 and 12). As summarized below, the results imply that the 2011 minimum wage reform increased firm size and total factor productivity especially in sub-national areas with stronger formal regulations and less corruption.
 By regulation:
The average firm size and TFP are lower in highly regulated states (with stronger regulatory requirements than the average level) especially when firms pay less wages compared to required level under the old minimum wage law. The result in column 10 also shows that TFP in highly regulated area increased more than less regulated area after the 2011 reform.
 By corruption: In column 8, the negative coefficient of the wage gap variable interacted with the high corruption area dummy shows that firms with larger wage gap were even smaller in high corruption area (with higher incidence of corruption or bribes than the average level) than in less corrupt area (reference group). The results also show that the 2011 reform increased firm size in less corrupt area, while firm size got even smaller after the reform in high corruption area.
 Near Abuja vs. not: Firm size is larger and TFP is higher for firms that located in the states near Abuja (within 250 kilometers from Abuja) on average. However, firms near Abuja did not grow and became less productive after the 2011 reform, while firm size increased after the 2008 reform in places further away from Abuja. 
Ln(firm size)
VI. CONCLUSIONS
Despite a long period of strong growth, pessimistic development prospects dominate in SSA due to its heavy reliance on natural resources and low competitiveness. This paper examined the roots of Africa's weak industrial performance by examining the efficiency of the factor market and its role in firm growth in SSA.
First, the paper estimates the allocative efficiency of land and labor in 40 SSA countries following Olley and Pakes (1996) , which suggests significant land and labor misallocations in SSA. Factor market distortions stem primarily from fragile institutional environments, including conflict among diverse ethnic groups, customary land system, and weakly enforced regulations. Estimated factor allocation indexes suggest ample scope for improving the land and labor efficiencies through the factor reallocations to more productive firms.
Based on predictions from a dual-economy model with input-financing frictions, the paper conducts a series of empirical analyses to test whether African firms could achieve significantly more scale and productivity gains by improving factor market efficiency. The analyses use unique institutional variations in SSA -ethnic diversity and the intensity of regulatory actions to peer firms at subnational level -as exogenous variations to examine the determinants of factor misallocations.
The first-stage of IV regressions confirm that African firms are constrained by such institutional bottlenecks in obtaining land and productive labor. Given that the allocation of land is informally determined and land disputes among ethnic groups are common in SSA, access to land is limited for productive African firms. In the absence of regulatory rule to enforce competitive wage level with social insurance benefits, workers are unwilling to continue formal business at a large scale. In low-income SSA countries where corruption is widespread, stricter monitoring of small and medium-sized enterprises by tax inspectors increases "informal tax" higher than the benefits they can gain from formal business.
Based on the first-stage results, the IV-Tobit regressions using pooled data of 40 SSA countries and a Nigerian panel data show that factor reallocation would allow firms to survive longer and achieve higher productivity growth and operational scale, with especially large policy effect (LATE) for marginally productive firms. The results also suggest that access to credit and tax contribution could increase by addressing factor misallocation, which may augment productivity gains within the wider community. Finally, difference-indifference regression using a Nigerian panel data gives a specific example, showing that removing wage rigidity from the 2011 minimum wage reform increased firm size in Nigeria especially in sub-national areas with stronger formal regulations and less corruption.
From the policy perspective, the results imply that the effect of regulatory reforms on factor market efficiency and firm growth depends on local legal capacity. There is no one-size-fitfor-all, but regulation design needs to account for the level of corruption or the rule of law in the local economy. Against theory, strengthening monitoring of informal activities, through frequent inspections, does not necessarily support firm growth in SSA. Improving regulations to formalize the land allocation process and labor contracts with social insurance benefits are effective in supporting firm growth when legal capacity is weak. As legal capacity develops, stronger informal sector monitoring would prompt the reallocation of workers to productive formal activities.
As it stands, high informality in SSA could be the equilibrium outcome of informal firm's rational choice to stay in the informal sector. This may reflect that the informal sector provides safety nets to small African firms while the costs outweigh the benefit of operating formal business. In this regard, a natural way to reduce the informality and improve the competitiveness in SSA is to apply a simple formal rule or monitoring scheme to factor market, as they fit the local context, to achieve more efficient land and labor allocations to support growth of formal micro entrepreneurs. 
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